R Re ef fe er re en nc ce es s
T he optimal management for patients at high risk of local recurrence after radical prostatectomy (i.e., those with substantial positive surgical resection margins, with extracapsular extension, with seminal vesicle involvement or a combination thereof) is still a contentious issue. One should emphasize that the controversy concerns those patients with "substantial" or "significant" positive resection margins at multiple sites as opposed to the unifocal positive at the apex. In this latter situation, there is general agreement that observation rather than early adjuvant radiotherapy (ART) is preferable. The main debate is between early ART and salvage radiotherapy (SRT) with biochemical or clinical relapse in those at higher risk for disease recurrence.
Opponents of ART would cite the following arguments: • only a certain percentage of "high-risk" patients have local failure and SRT is probably just as effective. Thus rather than unnecessarily subjecting every patient to treatment, one can wait until cancer recurrence is confirmed before proceeding with treatment; • systemic failures, which may occur with or without local recurrence, cannot be addressed by ART; • toxicity from ART may outweigh potential benefits. Up until recently, critics of ART have also cited the lack of overall survival benefit for ART. These concerns can be addressed by consulting the considerable amount of evidence in the literature.
Evidence from randomized controlled trials
Although there have been no randomized trials specifically comparing ART and SRT, there is level I evidence from 2 published randomized series comparing ART with no ART (various delayed therapies including SRT were employed in the latter group). The 2 studies were the European Organization for Research and Treatment of Cancer (EORTC) study 22911 1 and the Southwest Oncology Group (SWOG) study 8794 (including NCIC [National Cancer Institute of Canada] PR-2), 2 with 1005 and 410 patients, respectively. Both showed progression-free survival advantage with early radiotherapy: 74.8% versus 52.6% (p < 0.001) for the EORTC study and 67% versus 48% (p < 0.001) for the SWOG/NCIC study, in favour of ART, with a hazard ratio (HR) of 0.52. For SWOG 8794/PR-2, metastatic-free survival was 84% versus 69% at 5 years, and 68% versus 49% at 10 years with an HR of 0.62 (confidence interval 0.46-0.82, p = 0.001).
The overall results of randomized series, including a series with 385 participants from Germany published only in abstract form thus far, 3 indicate a 20%-50% reduction in risk of prostate-specific antigen (PSA) relapse and disease recurrence, with improved biochemical progression-free survival and local control. On meta-analysis of 1743 patients from the 3 randomized trials, ART resulted in improved biochemical progression-free survival (HR = 0.47, p < 0.001) and deferred requirement for adjuvant therapies (radiation and androgen ablation) with their associated adverse effects. 4 The biggest criticism directed at ART is that, up until recently, there had been no benefit in overall survival, likely because of the low number of deaths in either group. However, an updated analysis of SWOG 8794, presented at the 2008 American Urological Association Annual Meeting, shows increased metastatic-free survival (p = 0.021) and increased overall survival (median 15.2 yr compared with 13.5 yr, p = 0.031), in addition to increased biochemical control (p < 0.001) for the ART group, indicating unequivocal benefit for ART with level I evidence. 5 Traditionally, patients with seminal vesicle invasion (SVI) on their radical prostatectomy specimens are considered very high risk for systemic disease and thus are viewed as less than ideal candidates for ART. However, with a median follow-up of 12.2 years, the SWOG 8794/PR-2 trial showed that those with SVI who received ART compared with those who were initially observed had an improved 10 years free from biochemical failure (FFBF) survival from 12% to 36%
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(p = 0.001) and 10-year overall survival from 51% to 71%. 6 Thus, even with SVI, some patients appear to benefit from adjuvant local radiotherapy.
Evidence from nonrandomized series
At a lower level of evidence, there have been many nonrandomized series from various countries comparing ART versus SRT or ART versus surveillance with delayed treatment. The results consistently showed significant reduction in long-term biochemical progression with ART. The 5-year biochemical disease-free (bNED) rates range from 61.3% to 90.9% for the ART groups and 31% to 66.4% for the delayed therapy groups. Three series have reported superior 10-year bNED rates for the ART group compared with the SRT group: Teh and colleagues 7 with 90.9% versus 54.5% (p = 0.001), Caraffini and colleagues 8 with 38% versus 28% (p < 0.01) and Pacholke and colleagues 9 with 66% versus 22% (p < 0.001).
Some groups attempted matched-control analyses of ART versus SRT. 10, 11 Trabulsi and colleagues 10 used a multiinstitutional database with 211 and 238 patients receiving ART and SRT, respectively. The 5-year FFBF from the time of completion radiotherapy was 73% for ART versus 50% for SRT (HR = 2.3, p < 0.001). Similarly, Wadasaki and colleagues 11 reported, on a smaller cohort, a 3-year biochemical control rate of 87% for ART versus 61% for SRT patients. For those with a preradiotherapy serum PSA level less than 0.5 µg/L, the biochemical control rate was 92% with ART.
Several case series provide low-level evidence on the beneficial effects of initial observation and delayed SRT after radical prostatectomy. [12] [13] [14] [15] [16] Loeb and colleagues 12 reported impressive long-term undetectable PSA rates on patients with positive surgical margins and/or extracapsular extension and even those with SVI (91% and 75%, respectively). This would suggest SRT is preferable. However, the patients were not randomly assigned to treatment groups and the results may well be spuriously favourable since those for whom treatment failed early or for whom treatment was likely to fail systemically would have been excluded from the SRT group. Long-term success with SRT is less than 50% in a multi-institutional cohort report on 1540 patients, 13 even with early intervention.
Conditions for optimal results from radiotherapy after surgery
One needs to consider factors that would optimize results from radiotherapy after radical prostatectomy. Pisansky and colleagues 17 reported the effect of serum PSA levels at the time of SRT on the outcome. The bNED rates for those with a preradiotherapy serum PSA level of less than 0.2 µg/L, 0.2-2.0 µg/L and greater than 2.0 µg/L were, respectively, 77%, 59% and 10% (p < 0.001).
Stephenson and colleagues 13 performed a multivariate analysis and reported that preradiotherapy serum PSA levels were a predictor of progression with an HR of 2.3 (p < 0.001) for serum PSA levels less than 2.0 µg/L or greater than 2.0 µg/L. A Japanese study reported a 3-year biochemical control rate of 93% and 29% for those with preradiotherapy serum PSA levels of 0.5 µg/L or less, and greater than 0.5 µg/L, respectively. 11 Thus, ideally, SRT should be administered when the serum PSA level is less than 0.5 µg/L, or as close to the adjuvant situation as possible.
Proponents of SRT would cite the utility of serum PSA levels in guiding timing for SRT to achieve optimal results. The measurement of serum PSA levels alone, however, is less than ideal for detecting the earliest evidence of cancer recurrence. Functional imaging techniques may prove to be useful, for example, positron emission tomography or computed tomography with 18F choline and 11C-acetate, magnetic resonance imaging and ProstaScint scanning. 18, 19 However, these modalities are at various stages of development and, until the positive and negative predictive values for local recurrence after radical prostatectomy are improved, delaying therapy for many patients may mean denying them of potential cure.
Safety and toxicity considerations
An argument against ART is the potential for treatmentrelated toxicity, especially if some patients may not benefit from the treatment. In the adjuvant setting only, a lower dose is required (60-65 Gy), as opposed to the salvage setting, in which 66-70 Gy would be required. 20 In terms of concerns about toxicity with radiotherapy in the early postoperative setting, Van Cangh and colleagues 21 randomly assigned 48 patients to early ART (60 Gy) versus 52 patients to "watchful waiting." At 24 months, there was no difference in complete urinary continence (77% v. 83%). Feng and colleagues 22 analyzed results on post-radical prostatectomy patients who received either ART (19%) or SRT (81%). At 5 years, 10% had grade 2 and 1% had grade 3 late genitourinary toxicity. 22 There were no significant factors on multivariate analysis for gastrointestinal toxicity.
Health-related quality of life was compared prospectively by Pinkawa and colleagues 23 after ART and SRT in 101 patients. The authors noted that mild bowel symptoms did require longer to recover than urinary symptoms, although 1 year after radiotherapy there were only minor health-related quality of life changes. Likewise, data from the SWOG 8794/PR-2 trial indicated only short-term toxicity with early adjuvant radiotherapy, which was well tolerated. Grade 1 or 2 gastrointestinal toxicity at 6 weeks occurred in 59% of patients in the radiotherapy group versus 7% in the observation group (p < 0.001), but at 5 years, there was no difference (11% v. 19%, p = 0.16). Similarly, genitourinary toxicity occurring at 6 weeks was 37% versus 18% (p = 0.004) and at 5 years, there was no difference (23% v. 18%, p = 0.55). 
Additional beneficial effects of ART
The SWOG 8794/PR-2 study also provides level I evidence that the onset of hormonal therapy use was delayed in patients who had undergone ART (9%) compared with the 20% in the observation arm at 5 years (HR = 0.44, p < 0.001).
2 Thus, for the ART group, there are positive quality of life and economic implications as well as possible deference of onset of hormone resistance.
Other cancer sites
Lastly, one can examine the evidence from other paradigms. In an EORTC study, breast cancer patients undergoing lumpectomy were randomly assigned to ART versus no radiotherapy, and there was a 47% reduction of local recurrence at 10 years in the ART arm. Similar reports have been published for colon cancer 24 and head and neck cancers. 25 Should prostate cancer be any different?
Summary
The benefits of early radiotherapy in other paradigms have been established. There is level I evidence that ART has acceptable, well-tolerated transient toxicity, which dissipates with time. The best conditions for optimal results from radiotherapy occur when the serum PSA level is very low or undetectable, that is, in the true adjuvant setting. There is substantial evidence from nonrandomized series, almost unanimously in favour of ART for biochemical recurrence rates. There is robust level I evidence from well-executed randomized clinical trials reporting superior biochemical relapse-free and progression-free survival with early ART for patients at high risk for tumour recurrence. The previous argument that no overall survival has been demonstrated with ART has been invalidated by the recent results from a randomized controlled trial demonstrating that indeed there is overall survival advantage with ART compared with observation and delayed therapy. Thus the main criticisms and concerns regarding ART have been answered and there is convincing and compelling evidence to support the use of ART in patients at high risk of tumour recurrence after radical prostatectomy. Those patients at low risk for tumour recurrence should be vigilantly observed and at the first sign of biochemical or clinical failure, ART should be instituted to optimize treatment response.
